Background
==========

Worldwide, chronic kidney disease (CKD) is an increasing public health problem that is associated with chronic kidney failure \[[@b1-medscimonit-25-3566]\]. Dialysis or kidney transplantation are the only treatment options for CKD, both of which place a burden on healthcare services \[[@b2-medscimonit-25-3566]\]. Therefore, further studies are needed to improve the prevention of CKD and to improve clinical management. CKD is often associated with changes in coagulation and fibrinolysis that result in hypercoagulability, bleeding, and abnormal coagulation factors \[[@b3-medscimonit-25-3566]\]. Hypercoagulability is a main cause of the pathological changes that occur in the kidney in CKD leading to a decline in renal function. Anticoagulant treatments that reduce hypercoagulability in CKD have the potential to prevent or delay the onset of end-stage renal disease.

Warfarin is an anticoagulant that is commonly used to inhibit vitamin K-dependent coagulation \[[@b4-medscimonit-25-3566],[@b5-medscimonit-25-3566]\]. Warfarin is used to prevent and treat venous thrombosis and pulmonary embolisms and is used to prevent thromboembolic stroke in patients with atrial fibrillation \[[@b4-medscimonit-25-3566],[@b5-medscimonit-25-3566]\]. Warfarin is also commonly used to prevent and treat hypercoagulation in patients with CKD \[[@b6-medscimonit-25-3566],[@b7-medscimonit-25-3566]\]. However, warfarin has complications due to bleeding that range from mild epistaxis, gingival bleeding, and hematuria, to hemorrhage from increased uterine bleeding, and from peptic ulcers \[[@b8-medscimonit-25-3566],[@b9-medscimonit-25-3566]\]. Therefore, for patients with CKD who require anticoagulation, new treatments are required.

Indobufen is a new antithrombotic agent that inhibits platelet activation, adhesion, and aggregation \[[@b10-medscimonit-25-3566]\]. Although this may be a useful antiplatelet therapy for patients with CKD, there is no safety and efficacy data on its use in this patient population from randomized controlled clinical trials. Therefore, this preliminary study aimed to compare the effects of indobufen, a new antiplatelet agent, with warfarin in a rat model of adenine-induced CKD.

Material and Methods
====================

The rat model of adenine-induced chronic kidney disease (CKD)
-------------------------------------------------------------

This study was granted an animal license by the local Institutional Animal Research Committee and conformed to the animal care guidelines of the American Physiological Society. Chronic kidney disease (CKD) was induced in 48 male Wistar rats (Shanghai SLAC Laboratory Animal Co., Ltd.) (Certification Number: SCXK2012-0002) using intragastric administration of adenine (Batch No. WXBB0585V) (Sigma-Aldrich, St. Louis MO, USA), as previously described \[[@b11-medscimonit-25-3566]\]. One week after the establishment of the model, all 48 rats survived and were included in the study.

Treatment of the rat model of CKD with dimethyl sulfoxide (DMSO), indobufen, or warfarin
----------------------------------------------------------------------------------------

Rats in the model of CKD (N=48) were divided into four groups, with different feeding patterns, as follows: the control group (N=12) were given standard rat fodder; the DMSO group (N=12) were given standard rat fodder and DMSO; the indobufen group (N=12) were given standard rat fodder plus indobufen in DMSO (20 mg/kg/day); and the warfarin group (N=12) were given standard rat fodder plus warfarin sodium in DMSO (0.5 mg/kg/day). Rats were weighed each week. After 4 weeks, half of the rats in each group (N=6) were euthanized. The remaining rats in each group (N=6) continued the regimen for a further eight weeks and were euthanized at week 12.

Measurement of coagulation factors and blood biochemistry
---------------------------------------------------------

Blood was obtained from the carotid artery of the rats and the samples were divided. The first set of samples were added to a heparin sodium solution and centrifuged at 3000 rpm for 10 min, followed by the measurement of serum blood urea nitrogen (BUN), creatinine, and uric acid levels using biochemical kits. Sodium citrate solution was added to the second blood sample, which was centrifuged at 3000 rpm for 10 min followed by tests for coagulation function including levels of activated partial thromboplastin time (APTT) and prothrombin time (PT).

Measurement of 6-keto-prostaglandin I2 (PGI2), and thromboxane B2 (TXB2) in the kidney tissue
---------------------------------------------------------------------------------------------

The levels of 6-keto-PGI2 and TXB2 were measured using an enzyme-linked immunosorbent assay (ELISA) kit (CEB396Ge, CEA727Ge) (Wuhan USCN Co., Wuhan, China), according to the manufacturer's instructions. Measurements were performed at an absorbance at 450 nm.

Western blot of the rat serum
-----------------------------

Western blot was performed on blood samples. Blood samples were incubated with primary rabbit polyclonal antibodies and mouse monoclonal antibodies, anti-cyclooxygenase 1 (COX-1) (ab109025) (Abcam, Cambridge, MA, USA), anti-TGF beta 1 (ab2486) (Abcam, Cambridge, MA, USA), anti-Smad3 (ab40854) (Abcam, Cambridge, MA, USA), and anti-cyclooxygenase 2 (COX-2) (Cat. No. 12282S) (Cell Signaling Technology, Danvers, MA, USA). Secondary antibodies included goat anti-rabbit IgG (1: 5000) (Multisciences, Hangzhou, China), and goat anti-mouse IgG (1: 5000) (Multiscience, Hangzhou, China). Immunostains were visualized using electrochemiluminescence (ECL) and Western blot (Beyotime Biotechnology Co. Ltd., Shanghai), and quantified using the ChemiDoc XRS^+^ imaging system (Bio-Rad Labs, Hercules, CA, USA).

Histological analysis
---------------------

After blood was sampled, the rats were euthanized and the kidneys were removed. The kidneys were transversely cut into two halves and fixed in 10% formalin and embedded in paraffin wax. Tissue sections were cut at 4 μm and were stained for light microscopy using hematoxylin and eosin (H&E) and with Masson trichrome for collagen. Quantitative assessments were made of the cell size, cell population, and area of fibrosis \[[@b15-medscimonit-25-3566]\] using ImageJ software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis
--------------------

Data were shown as the mean ± standard deviation (SD). Evaluation of the therapeutic effect of the treatments was performed using one-way analysis of variance (ANOVA). The figures and tables were created using GraphPad Prism version 6.0 software (GraphPad Software, San Diego, CA, USA). A P-value \<0.05 was considered to be statistically significant.

Results
=======

The rat model of adenine-induced chronic kidney disease (CKD)
-------------------------------------------------------------

None of the rats died in the model of adenine-induced chronic kidney disease (CKD), and the success rate of the CKD model was 100%. All the rats in the CKD model developed dry hair, had poor mental state, developed polydipsia and polyuria, some of the rats salivated, and their weights plateaued or decreased. The kidneys of the rats became enlarged and were pale and gray ([Figure 1A](#f1-medscimonit-25-3566){ref-type="fig"}). Histology of the kidneys showed that the number of nephrons decreased, renal tubules were dilated, and inflammatory cell infiltrates were observed. A proportion of the tubular epithelial cells underwent squamous metaplasia, and others became necrotic, as shown in [Figure 1B](#f1-medscimonit-25-3566){ref-type="fig"}. Measurement of the serum indicators of renal function showed that rats in the CKD model had increased levels of serum blood urea nitrogen (BUN), creatinine, and uric acid, which confirmed the development of renal failure and the success of the development of the rat model of CKD \[[@b11-medscimonit-25-3566]\].

The rat model of CKD
--------------------

All rats were maintained in good condition before treatment. In the warfarin sodium treated group, ecchymosis of the paws, testicles, and skin was observed, and the abdominal organs were congested. None of the rats in the control group, dimethyl sulfoxide (DMSO) group, and indobufen group showed these symptoms. The rats in each group were weighed once a week, and there was no statistical difference in weight change between the groups ([Figure 2](#f2-medscimonit-25-3566){ref-type="fig"}).

Kidney histology and treatment with DMSO, indobufen, and warfarin
-----------------------------------------------------------------

Histology of the kidney showed that the number of nephrons decreased, the renal tubules were dilated, and inflammatory cell infiltrates were observed in all treatment groups. Some tubular epithelial cells underwent squamous metaplasia, and there were necrotic cells ([Figure 3](#f3-medscimonit-25-3566){ref-type="fig"}). Masson trichrome staining showed the degree of tissue fibrosis ([Figure 4](#f4-medscimonit-25-3566){ref-type="fig"}). The average area of kidney fibrosis was measured ([Table 1](#t1-medscimonit-25-3566){ref-type="table"}), and compared with the DMSO and warfarin groups, the degree of fibrosis in the indobufen group was significantly reduced but was greater than that of the controls.

Platelet counts and serum coagulation factors and treatment with DMSO, indobufen, and warfarin
----------------------------------------------------------------------------------------------

[Figure 5](#f5-medscimonit-25-3566){ref-type="fig"} shows the platelet counts of the four groups at week 4 and week 12 after treatment ([Figure 5A.i, 5A.ii](#f5-medscimonit-25-3566){ref-type="fig"}). The four groups did not differ significantly at week 4 and week 12. Serum levels of cyclooxygenase 1 (COX-1), COX-2, transforming growth factor-β (TGF-β) and Smad3 were determined by Western blot. Serum levels of prostaglandin I2 (PGI2) (or prostacyclin) and thromboxane A2 (TXA2) were determined by enzyme-linked immunoassay (ELISA).

Renal function tests and treatment with DMSO, indobufen, and warfarin
---------------------------------------------------------------------

[Figure 5](#f5-medscimonit-25-3566){ref-type="fig"} shows the levels of creatinine ([Figure 5B.i, 5B.ii](#f5-medscimonit-25-3566){ref-type="fig"}) and blood urea nitrogen (BUN) ([Figure 5C.i, 5C.ii](#f5-medscimonit-25-3566){ref-type="fig"}) of the four treatment groups at week 4 and week 12 after treatment. The rats in the control group had significantly lower levels than those in the other three treatment groups at week 4 and week 12 (P\<0.05). There was no significant difference in the levels between the treatment groups.

Coagulation factors and treatment with DMSO, indobufen, and warfarin
--------------------------------------------------------------------

[Figure 5](#f5-medscimonit-25-3566){ref-type="fig"} shows the prothrombin time (PT) ([Figure 5D.i, 5D.ii](#f5-medscimonit-25-3566){ref-type="fig"}) and activated partial thromboplastin time (APTT) ([Figure 5E.i, 5E.ii](#f5-medscimonit-25-3566){ref-type="fig"}) in the four treatment groups at week 4 and week 12 after treatment. The APTT and PT were significantly increased in the warfarin group compared with the other three groups at week 4 and week 12 (all, P\<0.05).

Expression of COX-1 and treatment with DMSO, indobufen, and warfarin
--------------------------------------------------------------------

As shown in [Figure 5E](#f5-medscimonit-25-3566){ref-type="fig"}, at week 4 and week 12, the level of COX-1 ([Figure 5F.i, 5F.ii](#f5-medscimonit-25-3566){ref-type="fig"}) was significantly lower in the indobufen group than the DMSO and warfarin groups (P\<0.05), which were similar to the levels found in the control group. The levels of COX-2 ([Figure 5G.i, 5G.ii](#f5-medscimonit-25-3566){ref-type="fig"}) did not significantly differ between the indobufen and the warfarin group.

Expression of TGF-β and Smad3 and treatment with DMSO, indobufen, and warfarin
------------------------------------------------------------------------------

As shown in [Figure 5](#f5-medscimonit-25-3566){ref-type="fig"}, the levels of TGF-β and Smad3 \[[@b12-medscimonit-25-3566]\] were significantly lower in the indobufen group than in the DMSO group and the warfarin group (P\<0.05) at week 4 and week 12. However, TGF-β and Smad3 levels were significantly higher than in the control group (P\<0.05).

Expression of 6-keto-prostaglandin I2 (PGI2), and thromboxane B2 (TXB2) and treatment with DMSO, indobufen, and warfarin
------------------------------------------------------------------------------------------------------------------------

As shown in [Figure 5J.i](#f5-medscimonit-25-3566){ref-type="fig"}, at week 4, the level of 6-keto-prostaglandin I2 (PGI2), and thromboxane B2 (TXB2) in the indobufen treated group was significantly higher than in the DMSO and warfarin groups (P\<0.05), with a similar finding at week 12 ([Figure 5I.ii](#f5-medscimonit-25-3566){ref-type="fig"}).

Discussion
==========

Warfarin has good antiplatelet effects and is widely used clinically for anticoagulant therapy in combination with heparin, particularly in patients with chronic kidney disease (CKD) \[[@b13-medscimonit-25-3566]\]. However, there are several side effects, including bleeding complications, such as gastrointestinal bleeding, subcutaneous hemorrhage, and cerebral hemorrhage, which restricts its use \[[@b8-medscimonit-25-3566],[@b9-medscimonit-25-3566]\]. Previous studies have confirmed that indobufen is an effective antiplatelet drug \[[@b14-medscimonit-25-3566]\]. Therefore, this study aimed to compare indobufen and warfarin in the rat model of adenine-induced CKD. The findings showed that the degree of inflammatory infiltration and fibrosis of the renal tissue of the rats in the group treated with indobufen was significantly lower than that of the groups treated with dimethyl sulfoxide (DMSO) and warfarin. The ratio of 6-keto-prostaglandin I2 (PGI2) to thromboxane B2 (TXB2) in this group treated with indobufen was also significantly greater than that in the other three groups. Cyclooxygenase-1 (COX-1) and Smad3 levels were higher than in the warfarin group. The rats in the indobufen group had significantly lower prothrombin time (PT) and activated partial thromboplastin time (APTT) levels, but COX-2 levels were not significantly different between the groups.

The COX-2 measurements in this study supported the anti-platelet effects of indobufen. Indobufen had little effect on the coagulation factors in the rat model of CKD and did not affect the production and consumption of platelets or reduce the number of platelets. Because indobufen did not affect the coagulation function of the rats, this finding suggests that the risk of bleeding after the use of indobufen may be reduced. However, this finding requires validation with further preclinical and clinical studies.

Also, in the present study, histology of the kidney tissue in the rat model of CKD treated with indobufen showed a lower degree of fibrosis \[[@b15-medscimonit-25-3566]\] and inflammation when compared with the group treated with warfarin. This finding suggests that indobufen had a protective effect on the kidney. Furthermore, the activity of COX-1 was significantly inhibited in the kidney tissue of the indobufen group, and the ratio of 6-keto-PGI2 to TXB2 \[[@b16-medscimonit-25-3566]--[@b18-medscimonit-25-3566]\] was increased. Previous studies have suggested that a higher ratio of 6-keto-PGI2 to TXB2 can reduce renal fibrosis \[[@b19-medscimonit-25-3566]\]. Therefore, it is possible that indobufen reduced renal fibrosis in the rat model of CKD by upregulating the ratio of 6-keto-PGI2 to TXB2. In this preliminary study, further pathway analysis of the effects of indobufen were performed, and conclusions regarding its effects on chronic changes in the kidney, including fibrosis, cannot be made.

In this study, there was no significant difference in the reduction in urea and creatinine levels between the three treatment groups of DMSO, indobufen, and warfarin. Histology of the rat kidney tissue supported an association with reduced renal damage in the group treated with indobufen. In this study, the treatment period was short, and the study sample size was small, and these factors might explain the discrepancy between the serum and kidney tissue findings. To the best of our knowledge, this study was one of the first to investigate the effects of the new antiplatelet drug, indobufen, on CKD. By treating the CKD rat model with indobufen, warfarin, and two controls, the finding that indobufen was associated with significantly reduced kidney fibrosis than warfarin might encourage further studies on the safety and efficacy of this antiplatelet drug. Future studies using the rat model of CKD should be undertaken to investigate the mechanism of the effects of indobufen and will require an increased study sample size and a longer treatment period.

Conclusions
===========

This study aimed to compare the effects of indobufen, a new antiplatelet agent, with warfarin in a rat model of adenine-induced chronic kidney disease (CKD). The preliminary findings showed that indobufen was associated with reduced kidney fibrosis when compared with warfarin, and both warfarin and indobufen had a similar antithrombotic effect.
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![Macroscopic appearance of a kidney and a representative photomicrograph of a kidney tissue section from the rat model of adenine-induced chronic kidney disease (CKD). (**A**) The macroscopic appearance of the kidney from the rat model of adenine-induced chronic kidney disease (CKD) shows an enlarged kidney with a pale gray appearance. (**B**) Photomicrograph of the histology of the kidney from the rat model of adenine-induced CKD. The number of nephrons are decreased, the renal tubules are dilated, and inflammatory cell infiltrates are present. A proportion of the tubular epithelial cells have undergone squamous metaplasia, as shown by the arrow where there is a yellow-brown deposit of adenine. Hematoxylin and eosin (H&E). Bar, 100 μm.](medscimonit-25-3566-g001){#f1-medscimonit-25-3566}

![Average body weight curves over 12 weeks in the rat model of adenine-induced chronic kidney disease (CKD) in the control group and rats treated with dimethyl sulfoxide (DMSO), indobufen, and warfarin. 0W represents one week after modeling, or day 1 of the experiments.](medscimonit-25-3566-g002){#f2-medscimonit-25-3566}

![Photomicrographs of the histology of the kidneys in the rat model of adenine-induced chronic kidney disease (CKD) in the control group and rats treated with dimethyl sulfoxide (DMSO), indobufen, and warfarin. Hematoxylin and eosin (H&E) staining of the kidney tissue. (Magnification, ×400.](medscimonit-25-3566-g003){#f3-medscimonit-25-3566}

![Photomicrographs of the histology of the kidneys in the rat model of adenine-induced chronic kidney disease (CKD) in the control group and rats treated with dimethyl sulfoxide (DMSO), indobufen, and warfarin. Masson trichrome and hematoxylin and eosin (H&E). Magnification: ×100, and ×400.](medscimonit-25-3566-g004){#f4-medscimonit-25-3566}

![(**A--J**) Effects of indobufen and warfarin on biochemical indices in the rat model of adenine-induced chronic kidney disease (CKD) in the control group and rats treated with dimethyl sulfoxide (DMSO), indobufen, and warfarin at 4 week and 12 weeks. Levels of cyclooxygenase 1 (COX-1) and COX-2 were determined Western blot. Prostacyclin (PGI2) and thromboxane A2 (TXA2) levels in the rat serum were measured by enzyme-linked immunoassay (ELISA). Concentrations of transforming growth factor-β (TGF-β) and Smad3 were measured by Western blot. Data are expressed as the mean ± standard deviation (SD) for each group (N=6). The horizontal lines indicate P\<0.05 of the groups.](medscimonit-25-3566-g005){#f5-medscimonit-25-3566}

###### 

The proportion of the kidney tissue showing staining with Masson trichrome for fibrosis in the rat model of adenine-induced chronic kidney disease (CKD) in the control group and rats treated with dimethyl sulfoxide (DMSO), indobufen, and warfarin.

  Treatment group                      Control   DMSO   Indobufen   Warfarin
  ------------------------------------ --------- ------ ----------- ----------
  Area stained with Masson trichrome   0%        58%    26%         49%

For each group, three random fields were chosen and the percentage of the stained area in the total field was measured using ImageJ software. The results represent the average percentage.
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